A 66-year-old Japanese man with recurrent adenocarcinoma of the lung p-stage IIIA (pT2bN2M0; version 8) on pembrolizumab was present with gradually worsening dyspnea. Although history and physical examination were unremarkable, high-resolution CT showed the perilymphatic distribution of the pembrolizumab-induced pneumonitis. Consistent with the CT result, biopsy revealed the aggregation of the cytotoxic (CD8 + ) T-lymphocytes around the lymph tracts. Given the clinical, radiological and pathological findings, pembrolizumab-induced pneumonitis was confirmed. The patient was discharged after terminating the pembrolizumab with ameliorated symptoms. This report, in conjunction with existing literature, illustrates the wide variety of the pembrolizumabinduced pneumonitis and bolsters the current understanding of its pathophysiology.
Introduction
Immune-checkpoint inhibitor (ICI) therapy using anti-PD-1 (antiprogrammed cell death 1) or anti-PD-L1 (anti-programmed cell death ligand 1) inhibitors have shown marked efficacy in the treatment of lung cancer. However, systemic toxicities associated with the use of PD-1 inhibitors have been commonly reported and pneumonitis is one of those complications [1] [2] [3] . It has been recognized that ICI-induced pneumonitis has a broad spectrum of radiographic manifestations including cryptogenic organizing pneumonia (COP) pattern, nonspecific interstitial pneumonia (NSIP) pattern, and hypersensitivity pneumonia (HP) pattern [4, 5] , while no case has reported the perilymphatic nodular pattern with both radiological and pathological evidence.
Case presentation
Our patient is a 66-year-old Japanese man diagnosed with right upper lobe adenocarcinoma of p-stage IIIA (pT2bN2M0; version 8) post right upper lobectomy. After a year of surgical resection, recurrent mediastinal lymph node metastases were confirmed by endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA). Based on the result of immunohistochemical staining (TTF-1+, p40-, Tumor Proportion Score (TPS; PD-L1 IHC 22C3 pharm DX Dako) 100%, EGFR-mutation -, ALK-rearrangement FISH-, ROS1-rearrangement RT-PCR-), The anti-Programmed Death receptor 1 (anti-PD-1) antibody pembrolizumab 200mg/body once every three weeks was initiated. After the sixth cycle of the treatment, the patient presented to the clinic with worsening dyspnea. He was tachypneic without any fever nor desaturation. Lungs were clear to auscultation. Both complete blood count and chemistry panels were normal. Blood culture, sputum culture, serum β-D glucan, serum galactomannan, serum interferongamma release assays (IGRAs) for diagnosing mycobacterium tuberculosis, and serological assay by use of glycopeptide lipid core antigen for diagnosing mycobacterium avium complex came back negative.
High-resolution chest CT (HRCT) revealed bilateral diffuse welldefined 1-2 mm of small granular shadow along with thickened interlobular septa, consistent with perilymphatic distribution (Fig. 1) . Given the lack of any evidence of pulmonary infection or any exposure to the stimulants of hypersensitivity pneumonia, an immune reaction to pembrolizumab was suspected and transbronchial random lung biopsy from the left upper lobe anterior segment and the left lower lobe anterior basal segment was performed (see Fig. 2 ).
Microscopically, type 2 pneumocytes with bizarre enlarged nuclei as well as lymphocytic infiltration in interstitium were identified. Pigmented macrophages suggested the hemorrhage. Most lymphocytes showed CD8+/CD4-, suggesting cytotoxic T lymphocytes. These findings were consistent with T cell-induced lung injury due to pembrolizumab. In addition, those lymphocytes aggregated around lymphatic vessels, which was confirmed by D2-40 immunohistochemistry. Those findings were confirmed in all samples of the random biopsy.
Given the clinical, radiological and pathological findings, pembrolizumab-induced pneumonitis was strongly suspected, thereby the treatment was immediately discontinued. After three-week admission, the patient was discharged with ameliorated symptoms. No corticosteroid was administered during admission to avoid potential interference with the anti-tumor effect of pembrolizumab. Complete remission of his tumor has been maintained throughout the follow-up period; pembrolizumab is still suspended.
Discussion
In line with the increased use of ICI, systemic toxicities associated with them have been widely reported [1] [2] [3] . Amongst those complications, ICI-induced pneumonitis is relatively uncommon: it occurs in about 3%-5% of patients with non-small cell lung cancer treated with ICI [6] .
Currently, clinical identification and management of ICI-induced pneumonitis are contingent on radiographic assessment. Therefore, a variety of prior reports have summarised the radiological findings of ICI-induced pneumonitis [3] [4] [5] 7] . Nishino and colleagues reported the following radiographic patterns observed in 20 patients with nivolumab-induced pneumonitis: cryptogenic organizing pneumonia (COP) pattern, non-specific interstitial pneumonia (NSIP) pattern, hypersensitivity pneumonitis (HP) pattern, and acute interstitial pneumonia (AIP)/acute respiratory distress syndrome (ARDS) pattern [4] . Likewise, Naidoo and colleagues reported 27 patients with ICI-induced pneumonitis with similar classification including COP pattern, HP pattern, ground glass opacities (GGO) pattern, interstitial pattern, and pneumonitis not otherwise specified [5] . However, none of them reported patients with pembrolizumab-induced pneumonitis. To date, only a limited number of patients have been reported to have pneumonitis after the use of pembrolizumab [8] [9] [10] [11] : 4 cases with COP pattern from the US [8] , 2 cases with COP pattern and 1 case with NSIP pattern from France [9] , 1 case with COP pattern from Greece [10] , and one GGO case from Japan [11] . Overall, little is known about radiological findings of the pneumonitis associated with the use of pembrolizumab.
Similarly, there is a dearth of research in the pathological characteristics of the ICI-induced pneumonitis. Naidoo and colleagues reported diverse pathological findings amongst 11 patients with ICI-induced pneumonitis, such as alveolar damage and granulomatous inflammation [5] . Delaunay and colleagues summarised their biopsy findings from six transbronchial biopsy specimens and reported the presence of CD3 positive lymphocyte aggregation [12] . However, none of them have reported the association between radiological and pathological findings.
Our patient had pembrolizumab-induced pneumonitis with perilymphatic nodular pattern. CT findings including granular shadow on the bronchovascular bundle, intralobar pleura, and visceral pleura were strongly suggestive of perilymphatic distribution, whereas it could have been confused with a HP pattern similar to centrilobular distribution, had those details not been well captured. The interstitial pattern in a prior radiological study could also be considered [5] , but no pathological assessment has been reported. Pathologically, no inflammatory cells were observed in the alveoli, while a tremendous number of CD8 positive cells were found around the lymph tracts dye-marked with D2-40. These findings further support cytotoxic T cell-mediated inflammation spreading via the lymphatic route and also refutes the possibility of trans-bronchial migration of the inflammatory cells, which is essential in developing the HP pattern infiltration. To the best of our knowledge, this is the first report to both radiographically and pathologically confirm the pembrolizumab-induced pneumonitis with the perilymphatic nodular pattern.
Another interesting factor is the treatment of this patient: we avoided using corticosteroids and pneumonitis was resolved both clinically and radiologically. In addition, complete remission has been maintained since the termination of pembrolizumab. Recently, several recommendations were developed to standardize the treatment options of the ICI-induced pneumonitis [13, 14] . Treatment intensity is mainly determined by the severity of the pneumonitis. After excluding other diagnoses, including infection and malignant lung infiltration, clinical symptoms of the pneumonitis should be assessed. Asymptomatic pneumonitis can be reasonably managed by drug-withholding with fortnightly monitoring, while a symptomatic case with clinical deterioration is most likely managed with immunosuppressants such as systemic corticosteroids. Additional immunosuppression including infliximab and/or cyclophosphamide is considered amongst patients with recalcitrant pneumonitis [13, 14] .
Given the immunosuppressive effect of corticosteroids on T-cell function, there is a concern that these agents could decrease the antitumor property of ICI. Several clinical trials refute the association between the use of steroids and the decreased overall survival [15] [16] [17] [18] [19] , while some argue that patients are less likely to respond to ICI if they use corticosteroids before the administration of ICI [19] . In addition, a fatal case was reported with overwhelming infection after using corticosteroids for an adverse event of ICI [5] . Likewise, progression of the primary cancer was triggered by corticosteroids in a patient treated with ICI [18] . Overall, we are yet to establish a one-fits-all treatment for ICI-induced pneumonitis, but we need to considerate both clinical symptoms and accumulating knowledge to determine the best treatment for each patient. Our patient was slightly symptomatic, but we avoided using corticosteroids given the clinically stable condition and the potentially higher risk of infection and tumor progression. Complete remission has been maintained since the termination of pembrolizumab. To conclude, this is the first report to clinicoradiopathologically confirm the pembrolizumab-induced pneumonitis with the perilymphatic nodular pattern. Notably, both the resolution of the pneumonitis and complete remission of the primary cancer are maintained without corticosteroids. Given the wide variety of clinical, radiographic, and pathologic pictures, physicians should always be judicious when recognizing this complication.
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